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Description 
[POWER SOURCE DETECTOR] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92118559, filed July 08, 2003. 
Background of Invention 

[0002] TECHNICAL FIELD 

[0003] The present invention pertains to an integrated circuit (IC) 
in general, and more particularly to a power source de- 
tecting circuit in an IC that receives two power sources. 
One is an IC power source, and the other is an IC data 
power source. The embodiment of the present invention 
provides a mechanism to automatically adjust the IC to 
operate at an appropriate data power level. 

[0004] BACKGROUND ART 

[0005] In a use of a Dynamic Random Access Memory (DRAM), 
two different power sources are normally provided to the 
DRAM. One power source usually named V^^ is a DRAM 



operating power source; the other power source usually 
named V is a DRAM data power source. The two power 
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sources may not operate at a same power level. For in- 
stance, a typical DRAM operating power source V^^ is at 
2.5 volts (2.5 V), and its cooperating data power source V^^^ 
can be at 2.5 volts or at 1.8 volts depending on a use of 
the DRAM. To be able to ensure that V is ready for a 

DD ' 

DRAM to function normally, a V^^ power level detecting 
circuit is built into the DRAM as depicted in Fig. 6, and 
Fig. 7. Fig. 6 demonstrates the V^^ power level detecting 
circuit in a block diagram 600. In Fig. 6, an input V^^ and 
an output node A of the power detector 610 are a DRAM 
operating power source and an output indicating node re- 
spectively. As a change state of the output signal A oc- 
curs, the DRAM catches this signal and starts to operate at 
this given power source V^^. Fig. 7 provides an instance 
of the V^^ power level detecting circuit depicted in the 
block diagram in Fig. 6. In Fig. 7, as soon as the output 
signal A changes states from logic 1 (logic high) to logic 0 
(logic low), the DRAM internal circuit is ready to operate 
under the power source V^^. The following paragraph 
provides a detail description to Fig. 7. 
[0006] As in an initiation of the power source V^^, the voltage 



level of ''ises from zero to its steady state voltage 
level; let"s say 2.5 volts. By carefully choosing resistance 
values of the resistors 710, 720, and 730, before V 
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reaches its steady state voltage level, the output signal A 
is at logic 1. It is noted that at this state, a voltage at a 
node between resistor 710 and resistor 720 is not enough 
to turn on transistor 750 so that via resistor 730, the out- 
put signal A is pulled up to logic 1. As the voltage level of 
V^^ increases and reaches its steady state voltage level, 
2.5 volts, the voltage between resistor 710 and resistor 
720 that supplies to the Gate terminal of the transistor 
750 is big enough to turn on the transistor 750. Thereby, 
the transistor 750 is turned on, and the voltage level of 
the output signal A is pulled down to logic 0. As soon as 
the output signal A changes states from logic 1 to logic 0, 
the rest of the DRAM circuit receives the indication and 
starts to operate at this V^^ voltage level. 
[0007] jhe current V^^ power source detecting scheme works 
fine in ensuring a DRAM to work at a good power source. 
Not like V^^ power source, however, instead of having a 
power detecting circuit, a fixed power level is preset to a 
DRAM data power source during a DRAM fabrication. It is 
not possible for a DRAM with 2.5 volts preset data power 



source to work at a 1.8 volts data power level, and vice 
versa, after the DRAM comes out from a manufactory. The 
preferred embodiment of the present invention provides a 
method as well as a circuitry to allow a DRAM automati- 
cally detecting an environment V^^^ data power level and 
self-adjusting to operate at a provided V^^^ data power 
level properly. 

[0008] vvith the present invention, an integrated circuit, such as a 
DRAM, works flexibly in various data power sources with- 
out tying up to a fixed data power source after manufac- 
ture. This feature greatly increases IC usability and re- 
duces IC stock problems. For the foregoing reasons, there 
is a need for a data power level auto-configure circuit that 
is built in an IC and that can be inexpensively manufac- 
tured. 
Summary of Invention 

[0009] The preferred embodiment of the present invention is di- 
rected to a circuit that satisfies the need of an IC data 
power level auto-configuring scheme. The circuit com- 
prises a first power source detector for the IC internal cir- 
cuits to operate at a good power level, and a second 
power source detector for the IC to operate at an appro- 
priate data power level automatically. The first power 



source detector receives a first external power, and out- 
puts a signal to indicate whether the first external power 
is ready for the IC to function properly. The second power 
source detector receives a second external power, and 
provides a first output state to indicate that the IC data 
power is at a first data power level and a second output 
state to indicate that the IC data power is at a second data 
power level. After the IC receives the data power level in- 
dication from the second power source detector, the IC 
automatically configures itself to operate at the corre- 
sponding data power level. 

[0010] As demonstrated in the previous paragraph, the first and 
the second power source detectors operate independently. 
However, the second power source detector can also de- 
pend on the output of the first power source detector to 
turn on its power level detecting function. In this case, the 
output of the first power source detector acts like a switch 
to the second power source detector. A good power indi- 
cation of the first power source detector turns on the sec- 
ond power source detector to detect the second external 
power level. With this scheme, a possible current leak in 
an integrated circuit can be greatly eliminated. 

[0011] The preferred embodiment of the present invention also 



provides a method of detecting power sources in an inte- 
grated circuit (IC). The method receives a first power 
source, and a second power source. From an analytical 
point of view, the method contains a first power detector 
sub-method and a second power detector sub-method. 
Upon receiving the first power source, the first power de- 
tector sub-method determines whether the first received 
power source is at a good power level, and provides a first 
output signal to indicate the detecting results. Upon re- 
ceiving the second power source, the second power de- 
tector sub-method discerns a power level of the second 
power source and provides a second output signal that is 
at a first state to indicate a first power level and at a sec- 
ond state to indicate a second power level of the second 
power source. Optionally, the method also provides a cur- 
rent leak elimination scheme that has the first output sig- 
nal to act as a trigger to the second power detector sub- 
method. The second power detector sub-method only 
functions when it receives a good power source indication 
from the first power detector sub-method. 
[0012] The preferred embodiment of the present invention is 
particularly useful in resolving the DRAM data power 
source configuration problem addressed in the prior art 



section. Before a DRAM comes out from a manufactory, its 
data power lines are preset to worl< at a given power level. 
This preset data power level scheme adds one more data 
entry to a DRAM data book. A possible human mistake 
may occur when a DRAM is put in a wrong data power 
source; and DRAMs with same specification but different 
data power levels also increase a DRAM stock load. With 
the version of the present invention these named prob- 
lems are resolved effectively and inexpensively. The ver- 
sion of the present invention can be used in DRAM fabri- 
cation, and can also be used in other integrated circuit (IC) 

fabrication as needed. 
Brief Description of Drawings 

[0013] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0014] Fig. 1 demonstrates the power sources detecting method 
of the preferred embodiment of the present invention in a 
flow chart diagram. 

[0015] Fig. 2 depicts the version of the present invention in a 



high level block diagram. 

[0016] Fig. 3 provides an instance of the V^^^ data power detec- 
tor depicted in Fig. 2. 

[0017] Fig. 4 shows how two power detectors are cooperated to- 
gether to eliminate current leak in a high-level block dia- 
gram. 

[0018] Fig. 5 demonstrates an instance of the V data power 
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detector in Fig. 4. 
[0019] Fig. 6 depicts a commonly used power source detector in 

an integrated circuit (IC) in a high-level block diagram. 

[0020] Fig. 7 provides an instance of the power source detector 

in Fig. 6. 
Detailed Description 

[0021] jhe preferred embodiment of the present invention con- 
tains a power sources detecting method and a power 
sources detecting circuit. From an analytical point of view, 
the power sources detecting method can be decomposed 
into a first power detecting sub-method and a second 
power detecting sub-method. Same as in the power 
sources detecting circuit, a first power detecting circuit 
and a second power detecting circuit can be derived from 
the power sources detecting circuit. In the following para- 
graphs, the detecting method followed by the detecting 



circuit is demonstrated in detail. 
[0022] Fig. 1 depicts the power sources detecting metliod of the 
preferred embodiment of the present invention in a flow 
chart diagram 100. In general, the power sources detect- 
ing method can be exploited in any IC as needed. A pro- 
cedure of the method of the preferred embodiment of the 
present invention is described as follows. In step 110, the 
method first receives a first external power source and a 
second external power source. Internally, the method di- 
rects the first external power to the first power detecting 
sub-method and the second external power to the second 
power detecting sub-method. Without a loss of a general- 
ity, the first power detecting sub-method is usually di- 
rected to an external power source that supplies a major 
power consumption of an integrated circuit (IC). Mean- 
while, the second power detecting sub-method is directed 
to another external power source that supplies the power 
consumption of the IC data lines. Therein, the first power 
detecting sub-method provides a power source quality in- 
dication to inform the IC internal circuit whether the ex- 
ternal power is ready to be used. The second power de- 
tecting sub-method provides a power source level indica- 
tion to inform the IC to work at a right data power level. 



Therefore, in Fig. 1, tlie metliod is next to discern wlietlier 
tlie first received power source is at a good power level, 
and to discern tlie operating power level of the second re- 
ceived power source in step 112. After then, a first output 
signal and a second output signal are provided. The first 
output signal indicate the quality of the first received 
power source, and the second output signal provides a 
first state to indicate a first power level and a second state 
to indicate a second power level of the second received 
power source in step 113. 
[0023] Optionally, to eliminate possible current leak in the inte- 
grated circuit, the second power detecting sub-method 
can be driven by the first power detecting sub-method so 
that unless the first power detecting sub-method indi- 
cates a good external power supply, the second power 
detecting sub-method is in a shut-down mode. The de- 
pendency on the first power detecting sub-method makes 
sense when the first power detecting sub-method is used 
to detect an IC major power supply. The argument is that 
if the IC major power supply doesn"t even come up right, 
why bother to detect its minor power supply which is a 
data power level in lots of cases. Keeping this design 
scheme in the method, a possible current leak or unnec- 



essary power consumption of an IC can be greatly elimi- 
nated. 

[0024] Accordingly, curdling the method down to an integrated 
circuit level, two power sources detecting circuits are con- 
tributed to the preferred embodiment of the present in- 
vention. Fig. 2 and Fig. 3 present a power sources detect- 
ing circuit without equipped with a current leak eliminat- 
ing scheme. Fig. 4 and Fig. 5 present a power sources de- 
tecting circuit equipped with the current leak eliminating 
scheme. 

[0025] First, Fig. 2 is a high-level block diagram 200 that depicts 
the power source detecting circuit without equipped with 
the current leak eliminating scheme. Clearly, the first 
power detecting sub-method and the second power de- 
tecting sub-method are realized in V^^ power detector 
610 and V^^^ data power detector 250 respectively in Fig. 
2. A detail circuit diagram of the V data power detector 
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250 in Fig. 2 is demonstrated in Fig 3, and is explained as 
follows. By carefully choosing resistance values of the re- 
sistors 310, 320, and 330 in Fig. 3, the transistor 350 will 
turns on or off according to V^^^ power level so that pro- 
vides a first state at node B to indicate a first V power 
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level and a second state at node B to indicate a second V 
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power level. For example, two different power levels 2.5 
volts and 1.8 volts may apply to V^^^ By carefully choos- 
ing the resistance values of resistors 310, 320, and 330, 
the transistor 350 will turns on at 2.5 volts V power 
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level and turns off at 1.8 volts V power level. There- 
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fore, logic zero at node B indicates V is at 2.5 volts, 
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and logic 1 at node B indicates V is at 1.8 volts. With 
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this indication, data power lines of an integrated circuit 
(IC) like a DRAM do not need to get preset to a fixed data 
power level during the IC fabrication, and the data power 
level of the IC data power lines is automatically self- 
configured during the IC power-up. This simple, inexpen- 
sive power sources detecting circuit effectively resolves an 
IC stock problem and eliminates a possible human error in 
using an IC at its wrong power level. 
[0026] Fig, 4 is a high-level block diagram 400 that depicts the 
power source detecting circuit equipped with the current 
leak eliminating scheme. Clearly, the first power detecting 
sub-method and the second power detecting sub-method 
are realized in V power detector 610 and V data 
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power detector 450 respectively in Fig. 4. An instance of 
the V^^ power detector 610 is depicted in Fig. 7 and de- 
scribed in detail in the prior art section. An instance of the 



V data power detector 450 is demonstrated in Fig 5, 
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and is explained as follows. It is noted that the resistors 
510, 520, 530, and the transistor 550 in Fig. 5 are corre- 
spondent with the resistors 310, 320, 330, and the tran- 
sistor 350 in Fig. 3. Same as in Fig. 3, resistors 510, 520, 
530 serve as a V power level discerning elements that 
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accurately turn transistor 550 on and off at preset power 
levels. The transistor 570 is a P-channel transistor, and 
the transistor 560 is a N-channel transistor; they operate 
oppositely: one turns on, the other turns off. Recall that 
the signal at node A going from logic 1 to logic 0 indi- 
cates that V^^ power source is ready for the IC to work 
properly. During the signal at node A at logic 1 period, P- 
channel transistor 570 turns off, and N-channel transistor 
560 turns on. The P-channel transistor 570 at off state 
blocks V power source from reaching the V data 
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power detector, and the N-channel transistor 560 at on 
state shorts the Gate terminal of the transistor 550 to 
ground reference voltage level that turns off the transistor 
550. As a result, the transistors 560 and 570 shut down V 
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data power detector during the major IC power source 
not-ready period. As the signal at node A goes from logic 
1 to logic 0, that the P-channel transistor 570 turns on. 



and the N-channel transistor 560 turns off makes the cir- 
cuit in Fig. 5 to function exactly the same as the circuit in 
Fig. 3. Clearly, by adding the transistors 560 and 570 to V^^^ 
data power detector some possible current leak is greatly 
eliminated during the major IC power source not-ready 
period. 

[0027] jhe embodiment of the present invention is particularly 
useful to a DRAM automatically self-configuring its data 
power level. However, the embodiment of the present in- 
vention can also be used in other integrated circuit (IC) 
design as needed. Also, all the transistors in the figures 
presented in the preferred embodiment of the present in- 
vention are presented in Metal Oxide Semiconductor Field 
Effect Transistor (MOSFET). However, any other circuit ele- 
ments with transistor functionality in general can be used 
to replace all the MOSFET in the preferred embodiment of 
the present invention to achieve the same power sources 
detecting functionality. 

[0028] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
or to the methods of the preferred embodiment of the 
present invention without departing from the scope or 
spirit of the invention. In view of the foregoing, it is in- 



tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



